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COST AND PERFORMANCE REPORT

EXECUTIVE SUMMARY

March 24, 1988. The ROD specified
bioremediation for remediation of the lagoon.
A slurry-phase bioremediation process was
operated from January 1992 through Novem-
ber 1993 to remediate approximately
300,000 tons of tar-like sludge and subsoil
from the lagoon. The slurry-phase
bioremediation process achieved the speci-
fied soil cleanup goals for the five target
contaminants (benzo(a)pyrene, total PCBs,
vinyl chloride, arsenic, and benzene) within
11 months of treatment.

Costs for the slurry-phase bioremediation
system including technology development,
project management, EPA oversight, and
backfill of the lagoon were approximately
$49,000,000. Approximately $26,900,000 in
costs were for activities directly associated
with treatment, which corresponds to $90/ton
for treatment of 300,000 tons of soil and
sludge.

This report presents cost and performance
data for a slurry-phase bioremediation
application at the French Limited Superfund
Site (French Ltd.) in Crosby, Texas. This project
is notable for being a large, full-scale applica-
tion of slurry-phase bioremediation at a
Superfund site. In addition, an innovative
system (the MixFlo system) was used for
aeration that minimized air emissions while
supplying adequate oxygen to the biomass.

The French Ltd. site is a former permitted
industrial waste disposal facility, where an
estimated 70 million gallons of wastes from
area petrochemical companies were disposed
of on site between 1966 and 1971, primarily
in an unlined lagoon. Contaminants of con-
cern included polynuclear aromatic hydrocar-
bons, chlorinated organics, and metals.

In 1983, the Potentially Responsible Parties
(PRPs) formed the French Limited Task Group
(FLTG) to lead the remediation at the site. A
Record of Decision (ROD) was signed on

SITE INFORMATION
Identifying Information

Site Information: French Limited Superfund
Site
Crosby, Texas
CERCLIS #  TXD980514814
ROD Date:  24 March 1988

Treatment Application

Type of Action:  Remedial
Treatability Study Associated With Applica-
tion?  Yes (See Appendix A)
EPA SITE Program Test Associated With
Application?  No
Period of Operation:  January 1992-
November 1993
Quantity of Material Treated During
Application:  300,000 tons of soil and
sludge; estimated as 70,000 tons of tar-like
sludge and 230,000 tons of subsoil, deter-
mined by borings of the lagoon bottom.

Historical Activity that Generated
Contamination at the Site:  Industrial Waste
Disposal

Corresponding SIC Code:  4953E (Waste
management-refuse systems; sand and gravel
pit disposal)

Waste Management Practice that
Contributed to Contamination:  Disposal Pit

Site History: The French Limited Superfund
Site (French Ltd.), a former industrial waste
storage and disposal facility, is a 22.5-acre
site located in Crosby, Texas, as shown in
Figure 1. Between 1966 and 1971, approxi-

Background
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SITE INFORMATION (CONT.)
Background (cont.)

mately 70 million gallons of industrial wastes
from area petrochemical companies were
disposed of at the French Ltd. site. These
wastes included tank bottoms, pickling acids,
and off-specification product from refineries
and petrochemical plants. Most of this waste
was deposited in an unlined, 7.3-acre lagoon.
Wastes were also processed in tanks and
burned.

The lagoon was an abandoned sand pit which
had filled with water to depths of 20 to 25
feet. The primary contaminants found in the
lagoon were polynuclear aromatic hydrocar-
bons, halogenated semivolatiles, halogenated
volatiles, nonhalogenated volatiles, metals,
and nonmetallic elements. The lagoon wastes
were concentrated in a layer of tar-like sludge
approximately 4 feet thick and a 5-6 foot
layer of subsoil. [1, 35, 37, 39]

The site is located within the 100-year
floodplain of the San Jacinto River and is
susceptible to periodic flooding. In May of
1979, a flood occurred and breached the
earthen dike which surrounded the lagoon. As
a result, contaminated sludges were washed
out of the lagoon and into an adjacent slough.
In 1982, EPA repaired the dike and pumped
the contaminated sludge from the slough
back into the lagoon. [1, 9]

EPA identified approximately 90 companies
as Potentially Responsible Parties (PRPs), and,
in 1983, the PRPs formed the French Limited
Task Group (FLTG). In 1984, FLTG agreed to
perform the cleanup. [1, 8, 9]

EPA conducted a Remedial Investigation (RI)
at the site in 1983, and the FLTG conducted a
field investigation and a second RI in 1986.
Selection of a remedy for the lagoon was
based on the results of the 1983 and 1986
investigations and a Feasibility Study (FS). EPA
initially proposed incineration as the remedial
technology for the tar-like sludge and affected
subsoil at an estimated cost of $75 to $125
million. FLTG then investigated other more
cost-effective alternatives. In 1987, FLTG
conducted a pilot-scale bioremediation
treatability study in a 0.6-acre section of the
lagoon (see Appendix A). As a result of the

Figure 1. Site Location

study, a 1988 ROD replaced incineration with
in-situ biodegradation for remediation of the
site. [1, 8]

Regulatory Context: The ROD specified risk-
based quantitative cleanup goals for five
types of contaminants on the bottom of the
lagoon at the French Ltd. site, as described
below under cleanup goals and standards.
The ROD also provided specifications for
groundwater recovery and treatment. [1]

Remedy Selection [1]: The following reme-
dial action alternatives were considered for
the French Ltd. site:

On-site incineration of tar-like sludge
and contaminated subsoil;

On-site incineration of tar-like sludge
and chemical fixation of contami-
nated subsoil in-place;

Encapsulation of contaminants by
slurry walls and a multilayered cap;

No action; and

Biological treatment of tar-like sludge
and contaminated subsoil.

Biological treatment of sludges and contami-
nated subsoils was selected because it was
believed to be capable of meeting the
cleanup goals in a reasonable period of time
and at a lower cost than incineration.
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SITE INFORMATION (CONT.)
Background (cont.)

The ROD indicated that the probability of
bioremediation failing was less than for other
options. However, if bioremediation failed,

the ROD discussed the use of incineration as
a backup.

Type of Matrix processed through the treatment system: Tar-like sludge and subsoil (in situ -
within lagoon)

Site Logistics/Contacts

Site Management: PRP Lead

Oversight: EPA

Remedial Project Manager:
Ms. Judith Black
U.S. EPA Region 6
1445 Ross Avenue
Dallas, Texas  75202-2733
(214) 665-6739

PRP Project Coordinator:
Mr. R.L. (Dick) Sloan, Project Coordinator
FLTG, Incorporated (Primary Contact for this
Application)
15010 FM 2100
Suite 200
Crosby, Texas  77532
(713) 328-3541

Treatment System Vendors:
Mr. Jonathan Greene (Design Contractor)
Senior Project Manager
ENSR
3000 Richmond Avenue
Houston, Texas  77098
(713) 520-9900

Mr. Gary Storms (Subcontractor)
Applications Manager
Waste Management
Praxair, Inc.
39 Old Ridgebury Road
Danbury, Connecticut 06810
(203) 837-2174

MATRIX DESCRIPTION

Matrix Identification

Contaminant Characterization [1]

Primary Contaminant Groups: Polynuclear
aromatic hydrocarbons; halogenated
semivolatiles; halogenated volatiles;
nonhalogenated volatiles; and nonmetallic
elements.

The soil and tar-like sludge in the lagoon
contained a variety of organics, metals, and
PCBs. The specific types and concentrations
of constituents, as identified in the ROD,
included:

PCBs up to 616 mg/kg;

Volatile organics up to 400 mg/kg for
an individual contaminant;

Pentachlorophenol up to 750 mg/kg;

Semivolatiles up to 5,000 mg/kg for
an individual contaminant; and

Metals up to 5,000 mg/kg for an
individual metal.

Concentrations of specific contaminants in
the soil and sludge are presented in the
Treatment Performance Data section of this
report.
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MATRIX DESCRIPTION (CONT.)
Matrix Characteristics Affecting Treatment Cost or Performance

Listed below in Table 1 are the major matrix
characteristics affecting cost or performance
for this technology, and the values measured
for each.

The tar-like sludge was aromatic and oily, and
consisted of a mixture of petrochemical

sludges, kiln dust, and tars (primarily styrene
and soils). It was a thick, viscous, oily, black
layer about 4 feet thick that covered the
bottom of the lagoon.  The subsoils varied
from fine grained silts to coarse sand. [38,
39]

Table 1. Matrix Classification [38,39]

Parameter Value Measurement Procedure

Soil Classification See discussion above - -

Clay Content and/or Particle Size
Distribution

See discussion above - -

Primary Treatment Technology Type

Slurry-Phase Bioremediation

Supplemental Treatment Technology
Type

Pretreatment (solids) - mixing

TREATMENT SYSTEM DESCRIPTION

Slurry-Phase Bioremediation System Description and Operation

The slurry-phase bioremediation system used
at French Ltd. stimulated the indigenous
microorganisms with aeration, pH control,
and nutrients to biologically oxidize the
organic waste materials. The tar-like sludge
was sheared and introduced into the mixed
liquor using open-faced centrifugal pumps
mounted on articulated arms. The subsoil was
sheared and introduced into the mixed liquor
using conventional swinging ladder cutter
head dredges. Controlled shearing was a key
factor in controlling the growth of biomass.
Biomass growth was also controlled by
controlling the level of dissolved oxygen and
pH. [9, 35]

The tar-like sludge and subsoils were treated
separately. If the soils and sludge had been
mixed together, the sludge would have
coated the soil particles, and the mixture
would have had a greater specific gravity and
settled more rapidly, thus reducing treatment
effectiveness. Treating the sludge separately

kept the sludge from coating the soil particles
and maximized the surface area available for
treatment. [39]

System Description

As shown in Figure 2, the lagoon was divided
into two treatment cells, Cell E and Cell F, of
approximately equal volume. The two treat-
ment cells were created by installing a sheet
pile wall across the lagoon in a north-south
direction so there would be equal treatment
media volume in each of the two cells. This
configuration allowed for the sequential
remediation of the western cell (Cell E) and
the eastern cell (Cell F). Additional benefits of
the sequential remediation approach were to
limit air emissions during the remediation;
reduce the amount of capital equipment that
had to be purchased; and allow for process
improvements over the duration of the
remediation. [9]
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TREATMENT SYSTEM DESCRIPTION (CONT.)

The treatment cells were designed to hold a
total mixed liquor volume of 34.0 million
gallons (17.0 million gallons in each treat-
ment cell), and to maintain a minimum
dissolved oxygen (DO) concentration of 2.0
mg/L in the mixed liquor. Based on the results
of the treatability study (see Appendix A), an
oxygen uptake rate (OUR) of 0.30 mg/L/
minute was chosen as the design basis for
aeration supply. The oxygen requirements
were determined by multiplying the OUR by
the total mixed liquor volume. Oxygen
requirements for each cell were determined
to be approximately 2,500 pounds/hour. [9]

The main components of the bioremediation
process, as shown in Figures 3 and 4, in-
cluded a MixFlo aeration system, a liquid
oxygen supply system, a chemical feed
system, and dredging and mixing equipment.
A description of the MixFlo Aeration System,

sludge and subsoil mixing, chemical addition,
and residuals management is presented
below.

MixFlo Aeration System

According to the vendor, the FLTG chose a
pure oxygen system rather than an air-based
aeration system to lower air emissions during
site remediation. Greater amounts of organic
air emissions are released from air-based
aeration systems because larger amounts of
air are required to achieve a specific dis-
solved oxygen content. The MixFlo system
has higher transfer efficiencies than air-based
aeration systems (90% as opposed to 30%)
and uses high purity oxygen (90% or greater).
This combination of higher transfer efficiency
and high purity oxygen reduces offgases and
air emissions from the treatment process.
[35]

Slurry-Phase Bioremediation System Description and Operation (cont.)

Figure 2. French Ltd. Lagoon and Bioremediation Treatment Cell Configuration [9]
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TREATMENT SYSTEM DESCRIPTION (CONT.)

The MixFlo aeration system used at French
Ltd. dissolves oxygen in a two-stage process,
as shown in Figure 3. In the first stage, water
is pumped from the treatment area and
pressurized. Pure oxygen is then injected into
the water. The resulting two-phase mixture
passes through a pipeline contractor where
approximately 60% of the injected oxygen
dissolves. In the second stage, the oxygen/
water mixture is reinjected into the treatment
area using a liquid/liquid eductor. The eductor
dissipates the pumping energy in the oxygen/
water mixture by ingesting unoxygenated
water from the treatment area, mixing it with

oxygenated water, and then discharging the
overall mixture back into the treatment area,
dissolving 75% of the remaining oxygen. [9]

At French Ltd., oxygen was injected in eight
pipeline contactors into the mixed liquor at
enhanced pressure. The mixed liquor was
pressurized by pumps located on two pon-
toons. The pipeline contactors each supplied
three eductors. The circulation flow pattern in
the treatment cell established by the educ-
tors’ discharge was supplemented by three
raft-mounted self-powered circulation mixers.
[9]

Slurry-Phase Bioremediation System Description and Operation (cont.)

Figure 4. French Ltd. Lagoon Treatment Process Flow Diagram (adapted from [9])

Figure 3. Schematic Diagram of Mixflow System (adapted from [41])
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Oxygen was distributed to the entire volume
of mixed liquor in the treatment cell by
creating a dual circulation pattern that moved
mixed liquor past and through the MixFlo
eductors to pick up oxygen, and circulated it
around the lagoon where oxygen was con-
sumed in the bioremediation process. [9]

The design of the MixFlo system was based
on the following criteria [9]:

 Capacity = 60,000 gpm;

 Motor Power = 3,400 hp;

 Oxygen Transfer Efficiency >90%;

 Temperature = 40°C;

 Oxygen Requirement = 2,500 lbs/hr;

 Liquid Depth = 10 feet;

 Pump Efficiency = 75%; and

 Saturation Oxygen Concentration
(C) = 0.9 x C

40°C
 (tap water) = 27.5

p p m

Sludge and Soil Mixing

As described above, different equipment was
used for dredging and mixing the tar-like
sludges and subsoil. Four sludge mixers
provided the shear mixing of sludges neces-
sary to achieve biological treatment of those
solid materials. The centrifugal pump selected
for use on the sludge mixers had a capacity of
1,250 gallons per minute. [9]  Four hydraulic
subsoil mixers provided the shear mixing of
lagoon bottom subsoils necessary to achieve

Slurry-Phase Bioremediation System Description and Operation (cont.)

TREATMENT SYSTEM DESCRIPTION (CONT.)

biological treatment of the waste constituents
adsorbed onto these solid materials. Maxi-
mum water depth was approximately 25 feet.
[9]

Chemical Addition

Simple batch systems for chemical addition
were used to control the pH and nutrient
chemistry of the mixed liquor during treat-
ment. A 35% solution of hydrated lime was
diluted on site to 15% concentration by
adding water. To offset nutrient losses,
nitrogen was added as hydrated urea (46%
nitrogen by weight) and phosphorus was
added as liquid ammonium phosphate. The
system was designed to add batches of up to
1,500 gallons of chemicals to the lagoon at
several locations. [9]

Residuals Management

After verification that soil and sludge cleanup
objectives had been achieved, reverse osmo-
sis was used to treat the surface water in the
lagoon. Approximately 40 million gallons of
surface water from the lagoon were pro-
cessed through the reverse osmosis system
and discharged to the San Jacinto River. As
the lagoon was dewatered, it was backfilled
with clean soil. Residual solids were stabilized
by mixing with pebble lime in the ratio of five
parts solids to one part pebble lime. The site
was then planted with grass and native
vegetation and contoured to drain away from
the lagoon. [34]
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Table 2. Operating Parameters [10-33]

Operating Parameters Affecting Treatment Cost or Performance

TREATMENT SYSTEM DESCRIPTION (CONT.)

Listed below in Table 2 are the major operat-
ing parameters affecting cost or performance
for this technology and the values measured
for each. System throughput and hydrocarbon

degredation are described under system
description and treatment performance data,
respectively.

Table 3. Timeline [1, 9]

5 7

Timeline

A timeline for this application is provided in Table 3.
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The ROD specified maximum allowable
concentrations for five contaminants in
lagoon subsoils and sludges at the French Ltd.
site. [1]

These contaminants, listed in Table 4, were
specified in the ROD as indicator compounds
and the cleanup goals shown above were
developed based on the results from a risk
assessment using a 1 x 10-5 excess lifetime
cancer risk factor. Bioremediation was re-
quired until analytical results for all sampling

points (nodes) were in compliance with site
remediation cleanup goals for two consecu-
tive sampling events. Each sample from every
composited node sample was required to
meet the cleanup goals. [1, 9]

In addition, the ROD specified an action level
for total VOCs in ambient air of 11 ppm for 5
minutes at any time during treatment. The
action level applied to the  ambient air at the
site boundary for the 35 VOCs listed in
Table 5. [9]

Cleanup Goals/Standards
TREATMENT SYSTEM PERFORMANCE

Table 5. VOCs Required to be Measured in Ambient Air [9]

Table 4. Cleanup Goals for Soils and Sludges [1]

Contaminant
Maximum Allowable Concentration

(mg/kg)

Benzo(a)pyrene 9

Total PCBs 23

Vinyl Chloride 43

Arsenic 7

Benzene 14
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TREATMENT SYSTEM PERFORMANCE (CONT.)

Treatment performance was monitored using
subsoil and sludge samples and mixed liquor
samples. To assess compliance with cleanup
goals, subsoil and sludge samples were
collected from 52 grid sampling locations in
Cell E and 68 locations in Cell F. During each
bioremediation progress measurement
sampling event, approximately 50% of these
locations were sampled. Sludge and subsoil
samples were taken from the lagoon bottom
using a core sampling device from a
workboat. An OVM-PID meter was used to
measure volatile organic concentrations along
the surface of the core. The sludge sample
was taken from the sludge layer at the point
of highest volatile organic concentration. The
subsoil sample was collected from a compos-
ite of the subsoil from the upper 4-foot layer
of subsoil collected in each core. [9]

Tables 6 and 7 show the average concentra-
tions measured in the subsoil and sludge
during the bioremediation treatment of Cells
E and F, respectively. The values shown on
these tables are for composited samples
collected during the treatment process.

The five indicator compounds showed reduc-
tions in concentrations over the course of
treatment. For example, benzene was re-
duced from 608.0 mg/kg to 4.4 mg/kg in Cell
E, and from 393.3 mg/kg to 5.2 mg/kg in
Cell F. [13-20, 24-31]

Mixed liquor samples were collected at two
locations in each treatment cell, and analyzed
for the parameters listed in Table 8 to monitor

the treatment performance. One sample was
taken from the middle of the walkway across
the sheetpile wall that separates the two
treatment cells and a second sample was
taken at the middle of treatment cell using
the site workboat for access to the location.
[9]  The mixed liquor contained about 5-10%
solids during operation. [38]

An ambient air monitoring program was
implemented to monitor potential releases of
VOCs from the bioremediation process.
Ambient air monitoring was completed using
automatic instrumentation equipment placed
at strategic points around the operating
bioremediation treatment cell. Table 9 shows
total VOC concentrations, reported as maxi-
mum organic vapor analyzer (OVA) readings
at various locations around the site boundary
by month for January 1992 through August
1993. Total VOC concentrations ranged from
0.3 to 1.6 ppm, which were lower than the
action level of 11 ppm specified in the ROD.
[9]

Ambient air monitoring was also completed
using continuous sampling at points between
the bioremediation cell and the three nearest
potential receptors. Samples were analyzed
daily to provide a time-integrated measure-
ment of 35 VOCs and to provide data, on a
weekly basis, to calculate the health risk to
the nearest receptors. As reported by FLTG,
the health risk resulting from air emissions
was within U.S. EPA-approved health risk
criteria. [9]

Treatment Performance Data

Performance Data Assessment

The treatment results, shown in Tables 6 and
7, indicate that the cleanup criteria were met
within 10 months from the start of treatment
for Cell E (October 1992) and 11 months for
Cell F (November 1993). For individual
constituents, cleanup goals were achieved the
soonest for vinyl chloride (4 months in Cell E,
1 month in Cell F) and total PCBs  (4 months
in Cell E, 1 month in Cell F); benzo(a)pyrene
required the longest amount of treatment
time to meet the cleanup goals.

Concentrations were reduced to below
detection limits in Cell E and 6.6 mg/kg in Cell
F for vinyl chloride; 4.4 mg/kg in Cell E and
5.2 mg/kg in Cell F for benzene; and 6.0 mg/
kg in Cell E and 6.8 mg/kg in Cell F for
benzo(a)pyrene. In addition, the ambient air
monitoring data show no exceedances of the
established criteria for releases of VOCs.
These data, in combination with the operating
data,  indicate that organic compounds,
including vinyl chloride, benzene, and
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TREATMENT SYSTEM PERFORMANCE (CONT.)
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TREATMENT SYSTEM PERFORMANCE (CONT.)
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TREATMENT SYSTEM PERFORMANCE (CONT.)

benzo(a)pyrene were removed from the
lagoon via biodegradation. According to the
FLTG, available data indicate that PCBs were
biodegraded in the slurry-phase system to
concentrations below the action levels

established for French Ltd. Also, according to
the FLTG, arsenic and metals were not biode-
graded; they were dispersed in the final
residue. [38]

Performance Data Assessment (cont.)

Table 9. Total VOC Readings by Month [37]

*Total VOC concentrations as maximum OVA readings.

Performance Data Completeness

The available data characterize the concentra-
tion of five contaminants in the subsoil and
sludge over the course of the bioremediation,
as well as three potential indicator param-
eters (TPH, % solids, and % volatile solids).

Data are not available to match these treated
concentrations with concentrations in the
cells before treatment. The first samples
taken after mixing began were at Day 96 for
Cell E and Day 38 for Cell F.
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TREATMENT SYSTEM PERFORMANCE (CONT.)

Quality assurance/quality control (QA/QC)
procedures for sampling and analytical
activities are outlined in the second volume of
the Remedial Action Plan, entitled Quality
Assurance Plan. Monthly progress reports
prepared by the FLTG include discussions of

QA/QC issues during the remediation. EPA
took split samples of confirmation samples
after the cleanup objectives had been met.
According to monthly progress reports, there
were no discrepancies between the samples
taken by FLTG and EPA.

Table 10. Breakdown of Project Costs by the
RPM and FLTG [37, 39]

Performance Data Quality

TREATMENT SYSTEM COST

Procurement Process [38, 39]

FLTG contracted with ENSR to design the
slurry-phase bioremediation system, and with
Bechtel Corporation to construct the lagoon
remediation system. FLTG and ENSR selected
several key equipment vendors by competi-
tive bidding, including Praxair, Dredging
Supply, ITT Flygt, Sala, and Siemens. FLTG
directly hired personnel and support staff to
operate and maintain the remediation sys-
tems.

All contracts were competitively bid. Con-
tracts were awarded based on commercial
terms and qualifications. Contract types
included lump sum, fixed unit price, and cost
reimbursable depending on the scale of work
and degree of definition.

Treatment System Cost

According to the FLTG, the total cost of
remediating the soil and sludge in the lagoon
at French Ltd. was $49,000,000, including
costs for technology development, project
management, EPA oversight, and backfill of
the lagoon. The $49,000,000 total cost was
broken down into nine project elements by
the RPM and FLTG, as shown in Table 10.
[37, 39]

The FLTG also provided a breakdown of the
costs according to the format for an inter-
agency Work Breakdown Structure (WBS), as
shown in Tables 11, 12, and 13. The WBS is
being used as a format for standardizing
reporting of costs across projects. No addi-
tional information on the specific items
included in each cost element shown in
Tables 11, 12, and 13 were provided by the
FLTG. [38]

As shown in Tables 11, 12, and 13, approxi-
mately 55% of the project costs were for
activities directly associated with treatment,
34% were for before-treatment activities, and

11% for after-treatment activities. The
$26,900,000 in costs for activities directly
associated with treatment corresponds to
approximately $90/ton of sludge and soil
treated (for 300,000 tons treated).
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TREATMENT SYSTEM COST (CONT.)
Treatment System Cost (cont.)

Table 11. Treatment Activity Cost Elements Provided by FLTG According to the WBS  [38]

Table 12. Before-Treatment Cost Elements Provided by FLTG According to the WBS  [38]

Table 13. After-Treatment Cost Elements Provided by FLTG According to the WBS [38]
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TREATMENT SYSTEM COST (CONT.)
Cost Data Quality

The cost information presented above repre-
sents actual costs for this application. Cost
information was available for activities directly

associated with treatment, and for elements
associated with before-treatment and after-
treatment activities.

PRP and Vendor Input [38-40]

According to the FLTG, the costs for future,
similar applications are expected to be similar
to those incurred for French Ltd., and depend
on site-specific chemical and physical condi-
tions. The key factors which affect costs of
bioremediation systems are oxygen and
nutrient supply.

According to ENSR, costs for a second
generation system that did not require pilot
studies or sheet pile work would be about
40% less than those incurred at French Ltd.

According to Praxair, the cost of oxygen at
future similar sites will be affected by the
location of the site (local power rates affect
oxygen production costs), the distance from
the oxygen-producing plant (distribution
costs), the rate of oxygen consumption (site

supply system requirements), and the dura-
tion of the oxygen use (amortization of
installation/removal costs).

The cost of the MixFlo system will be affected
by the rate of oxygen dissolution (capital and
operating costs) and the oxygen dissolution
characteristics of the slurry.

As a result of the application at the French
Ltd. site, Praxair, Inc. has developed a new
oxygen dissolution technology—the In-Situ
Oxygenator™. This system dissolves oxygen
and suspends solids using approximately 25%
of the power required by MixFlo or by air-
based aeration systems while maintaining the
high-oxygen utilization efficiency of the
MixFlo technology.

OBSERVATIONS AND LESSONS LEARNED

Cost Observations and Lessons Learned

Treatment costs, including project
management, pilot studies, technol-
ogy development, EPA oversight, and
backfill of the lagoon, were approxi-
mately $49,000,000.

Fifty-five percent of the costs
($26,900,000) were for activities
directly associated with treatment,
such as solids preparation and
handling, liquid preparation and
handling, vapor/gas preparation and
handling, pads/foundations/spill
control, mobilization/set up, startup/

testing/ permits, training, and opera-
tion (short-term - up to 3 years).

The $26,900,000 in costs for activi-
ties directly associated with treatment
corresponds to approximately $90/
ton of sludge and soil treated (for
300,000 tons treated).

Excavation was not required for
treatment at French Ltd., and the
relatively large quantity of sludge and
soil treated at this site resulted in
economies-of-scale.

Performance Observations and Lessons Learned

were met within 10 months for
treatment of one cell and 11 months
for the other cell.

Performance data indicated that the
cleanup goals for the five target
compounds (benzo(a)pyrene, PCBs,
vinyl chloride, arsenic, and benzene)
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OBSERVATIONS AND LESSONS LEARNED (CONT.)
Performance Observations and Lessons Learned (cont.)

Air emission limits were not exceeded
during this application.

The MixFlo system maintained a
dissolved oxygen level in the slurry of
2.0 mg/L, mixed the slurry, and
minimized air emissions.

Operations data show that vinyl
chloride, benzene, and
benzo(a)pyrene were biodegraded in
this application. Concentrations were
reduced to below detection limits in
Cell E and 6.6 mg/kg in Cell F for vinyl
chloride; 4.4 mg/kg in Cell E and 5.2
mg/kg in Cell F for benzene; and 6.0
mg/kg in Cell E and 6.8 mg/kg in Cell
F for benzo(a)pyrene.

Other Observations and Lessons Learned

The treatability study predicted
removal of volatile organic com-
pounds and polynuclear aromatic
hydrocarbons during sludge and soil
mixing, and extended aeration within
275 project days. Full-scale treatment
performance data indicated that the
cleanup goals for the indicator

compounds were met within this time
period.

The treatability study demonstrated
the feasibility of bioremediation for
VOCs and SVOCs in soil and sludge
within the lagoon without exceeding
air emissions limitations.

REFERENCES
8. French Limited:  A Successful Ap-

proach to Bioremediation, 1992,
DEVO Enterprises, Inc., Washington,
D.C.

9. French Limited Remediation Design
Report, Executive Summary:
Bioremediation, Shallow Aquifer,
Crosby, Texas, June 1991.

10. Monthly Project Report, French
Limited Project, Crosby, Texas,
January 1992.

11. Monthly Project Report, French
Limited Project, Crosby, Texas,
February 1992.

12. Monthly Project Report, French
Limited Project, Crosby, Texas, March
1992.

13. Monthly Project Report, French
Limited Project, Crosby, Texas, April
1992.

14. Monthly Project Report, French
Limited Project, Crosby, Texas, May
1992.

1. Superfund Record of Decision, French
Limited, Texas, March 1988.

2. U.S. EPA, Design and Construction
Issues at Hazardous Waste Sites,
Conference Proceedings, Part 1, Solid
Waste and Emergency Response,
Washington, D.C., May 1991, EPA/
540/8-91/012.

3. “Superfund Site Gets the Bugs Out,”
ENR, August 2, 1993, pp. 32-33.

4. Superfund at Work:  Hazardous Waste
Cleanup Efforts Nationwide, Spring
1993 (French Limited Site Profile,
Harris County, Texas).

5. Public Health Assessment for French
Limited, Crosby, Harris County, Texas,
Region 6. CERCLIS No.
TXD980514814. Addendum.

6. In-Situ Bioremediation at the French
Limited Site.

6a. Update on In-Situ Bioremediation at
the French Limited Superfund Site.

7. Case Histories:  Four Selected Aban-
doned Waste Sites in Texas.



U.S. ENVIRONMENTAL PROTECTION AGENCY
Office of Solid Waste and Emergency Response
Technology Innovation Office

French Limited Superfund Site—Page 18 of 23

RP
F-

04
6.

PM
5\

10
31

-0
2.

p
m

5

30. Monthly Project Report, French
Limited Project, Crosby, Texas,
September 1993.

31. Monthly Project Report, French
Limited Project, Crosby, Texas,
October 1993.

32. Monthly Project Report, French
Limited Project, Crosby, Texas,
November 1993.

33. Monthly Project Report, French
Limited Project, Crosby, Texas,
December 1993.

34. “Reverse Osmosis Reverses Conven-
tional Wisdom With Superfund
Cleanup Success,” Mark Collins and
Ken Miller, Environmental Solutions,
September 1994.

35. “Biotreatment of PCB Sludges Cuts
Cleanup Costs,” Ann Hasbach,
Pollution Engineering, May 15, 1993.

36. “What’s New in Hazardous Waste
Cleanup?”, Maretta Tubb, Texas
Construction, September 1993.

37. “Bioremediation at the French Limited
Site,” Judith Black and Richard Sloan,
October 1993.

38. Letter to Ms. Linda Fiedler, TIO, from
R.L. Sloan, French Ltd. Project,
Comments on 1 February 1995 Draft
Report, February 6, 1995.

39. Comments provided by Jon Greene
and Dr. Dave Ramsden, ENSR, on
1 February 1995 Draft Report,
February 6, 1995.

40. Letter to Mr. Eric Oltman, Radian,
from Gary E. Storms, Praxair, Inc.,
Comments on 1 February 1995 Draft
Report, February 7, 1995.

41. "Oxygen Dissolution Technologies for
Biotreatment Applications," Gary E.
Storms, Praxair, Inc., 1993.

15. Monthly Project Report, French
Limited Project, Crosby, Texas, June
1992.

16. Monthly Project Report, French
Limited Project, Crosby, Texas, July
1992.

17. Monthly Project Report, French
Limited Project, Crosby, Texas, August
1992.

18. Monthly Project Report, French
Limited Project, Crosby, Texas,
September 1992.

19. Monthly Project Report, French
Limited Project, Crosby, Texas,
October 1992.

20. Monthly Project Report, French
Limited Project, Crosby, Texas,
November 1992.

21. Monthly Project Report, French
Limited Project, Crosby, Texas,
December 1992.

22. Monthly Project Report, French
Limited Project, Crosby, Texas,
January 1993.

23. Monthly Project Report, French
Limited Project, Crosby, Texas,
February 1993.

24. Monthly Project Report, French
Limited Project, Crosby, Texas, March
1993.

25. Monthly Project Report, French
Limited Project, Crosby, Texas, April
1993.

26. Monthly Project Report, French
Limited Project, Crosby, Texas, May
1993.

27. Monthly Project Report, French
Limited Project, Crosby, Texas, June
1993.

28. Monthly Project Report, French
Limited Project, Crosby, Texas, July
1993.

29. Monthly Project Report, French
Limited Project, Crosby, Texas, August
1993.

REFERENCES (CONT.)



U.S. ENVIRONMENTAL PROTECTION AGENCY
Office of Solid Waste and Emergency Response
Technology Innovation Office

French Limited Superfund Site—Page 19 of 23

RP
F-

04
6.

PM
5\

10
31

-0
2.

p
m

5

ACKNOWLEDGMENTS
Analysis Preparation

This case study was prepared for the U.S. Environmental Protection Agency's Office of Solid
Waste and Emergency Response, Technology Innovation Office. Assistance was provided by
Radian Corporation under EPA Contract No. 68-W3-0001.



U.S. ENVIRONMENTAL PROTECTION AGENCY
Office of Solid Waste and Emergency Response
Technology Innovation Office

French Limited Superfund Site—Page 20 of 23

RP
F-

04
6.

PM
5\

10
31

-0
2.

p
m

5

APPENDIX A - TREATABILITY STUDY RESULTS
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APPENDIX A - TREATABILITY STUDY RESULTS (CONT.)
IDENTIFYING INFORMATION

benzo(a)pyrene, benzene, vinyl chloride,
arsenic, and other VOCs and SVOCs.

TREATMENT SYSTEM DESCRIPTION [8]

Treatment System Description and Opera-
tion: Earlier tests were performed from late
1986 to early 1987 using two 20,000-gallon
reactors to determine if microorganisms
could be stimulated to degrade site contami-
nants in a reasonable amount of time.

Subsequently, a pilot-scale test was operated
on a one-half acre cell on the west end of the
lagoon between April 1987 through April
1988. The equipment included ambient air
control, sparged air aeration, and mixers.

The study included the following operation:

Aeration of the mixed liquor;

Nutrient addition to grow the biom-
ass; and

Shearing of sludges and contaminated
soil.

The sludge and soil were sheared so that the
contaminants would be brought into contact
with the microbes. A swinging-ladder dredge
was used to shear the soil and open-faced
centrifugal pumps were used for the tarry
sludge. Over the course of the pilot test,
many different aerators, mixers, and dredges
were tested. [8]

Procurement Process/Treatability Study
Cost: The cost of the pilot-scale treatability
test was $5 million.

TREATABILITY STUDY STRATEGY [8]

Treatability Study Purpose:  The purpose of
the pilot-scale treatability study was to assess
the feasibility of bioremediation of the con-
taminated lagoon at the site, and to deter-
mine the following:

Whether indigenous microorganisms
could be stimulated to destroy the
organic waste materials and clean up
contaminated soil in a reasonable
amount of time;

How to control air emissions during
remediation;

How to mechanically mix the micro-
organisms, oxygen, nutrients, and
mixed liquor to obtain satisfactory
reaction rates; and

How long the cleanup would take.

Cleanup Goals/Standards: Cleanup goals
were not identified for the French Ltd. site at
the time of the pilot-scale treatability study.

Type of Treatability Study: Pilot-scale slurry-
phase bioremediation study of sludge and
subsoil contaminated with PCBs,

TREATABILITY STUDY RESULTS [8]

Operating Parameters and Performance
Data: The initial reactor tests showed that the
native microorganisms could be successfully
stimulated to metabolize the organic waste
materials in a reasonable amount of time.

The results of the pilot test showed a reduc-
tion in concentration of volatile organic
compounds (VOCs) and semi-volatile com-

pounds (SVOCs), as shown in Figure A-1,
during the course of the study.

Performance Data Assessment: The results
in Figure A-1 show a reduction in concentra-
tion of 9 VOCs and 9 SVOCs to concentra-
tions of less than 100 mg/kg for individual
VOCs and SVOCs, and that bioremediation is
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Figure A-1. Reductions in VOC and SVOC Concentrations During Pilot Test [8]

APPENDIX A: TREATABILITY STUDY RESULTS (CONT.)
Reduction in volatile organic concentrations in main waste

lagoon using bioremediation

Reductions in semivolatile organic compound concentrations
in main waste lagoon using bioremediation
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APPENDIX A- TREATABILITY STUDY RESULTS (CONT.)
TREATABILITY STUDY RESULTS (cont.) [8]

a feasible technology for remediation of the
soil and sludge in the lagoon. The data
indicate that removal of these contaminants
occurred within 275 days of soil and sludge
mixing and dredging, and extended aeration.

Although no data are available at this time,
the results of the pilot test were used in

selecting specific equipment and in optimiz-
ing operational methods for the full-scale
remediation, including control of air emis-
sions and performing mechanical mixing.
The shearing equipment chosen allowed
two different implements to be attached,
one for shearing sludge and the other for
shearing soil.

OBSERVATIONS AND LESSONS LEARNED

The treatability study showed
reductions in the concentrations of
9 VOCs and 9 SVOCs from soil and
sludge in the lagoon to concentra-
tions less than 100 mg/kg for
individual contaminants. These
results were achieved within 275
days of sludge and soil mixing and
extended aeration.

The initial reactor tests showed that
the native microorganisms could be
successfully stimulated to metabolize
organic waste materials in a reason-
able amount of time.
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